We used norharmane (9H-pyrido[3,4-b]indole) as a matrix for negative-mode ionization of neutral oligosaccharides in matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS). In-source decay (ISD) fragmentation occurred, producing fragment ions [(M῍C4H8O4)῍H] ῌ in negative-mode linear MALDI-MS. The ISD product ion [(M῍C4H8O4)῍H] ῌ of maltoheptaose was predominantly observed but deprotonated molecule was not. In the MALDI mass spectrum of cellohexaose, the ISD product ion [(M῍C4H8O4)῍H] ῌ was observed, as was deprotonated molecule [M῍H] ῌ . In positive-mode MALDI-MS spectra of oligosaccharides, these ISD product ions were not observed. In cyclomaltooligosaccharides of cyclodextrins (CD), only deprotonated molecules [M῍H] ῌ were observed clearly and ISD product ions were not seen in negative-mode MALDI-MS. The result of sugar branched cyclodextrin of glucosyl-bCD was the same. The ISD product ion [(M῍C4H8O4)῍H] ῌ of maltoheptaose would thus occur at the reducing end and corresponded to 2, 4 A fragmentation. In the post-source decay (PSD) fragment spectra of cyclodextrins, PSD product ions [(M῍C4H8O4)῍H] ῌ produced by 2, 4 A and Z cleavage were observed. The formation of PSD product ions [(M῍C4H8O4)῍H] ῌ of cyclodextrins would thus relate to that of ISD product ions of linear oligosaccharides in negative-mode MALDI-MS.
Introduction
Matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS) is very useful for sequencing and structurally analyzing oligosaccharides. 2,5-Dihydroxybenzoic acid (DHBA) was used as a matrix for positive ionization of carbohydrates, 1) and their molecular related ions were observed mainly as a cationized ion [MῌNa] ῌ and/or [MῌK] ῌ . Acidic oligosaccharides such as sulfated or sialyl oligosaccharides were analyzed in both positive and negative-mode measurement using DHBA as a matrix. It was easy to ionize these compounds even in negative mode because they have the charge center in their molecules. It is very di$cult to promote negative ion ionization of neutral oligosaccharides using the conventional matrix DHBA, however. norharmane was reported as a new matrix to ionize carbohydrates in negative mode. 2), 3) Cyclomaltooligosaccharides (cyclodextrin; CD) have been analyzed using norharmane, 2῍4) but not other linear oligosaccharides. We analyzed maltooligosaccharides in negative-mode MALDI-MS and describe results for other oligosaccharides and cyclodextrins.
Experiments

MALDI-TOF MS
All MALDI-TOF mass spectra were acquired with a Kompact MALDI IV instrument having a curved-field reflectron (Shimadzu-Kratos, Corp., Kyoto, Japan). Operation involved a 337 nm nitrogen laser and acceleration energy of 20 kV. 9H-Pyrido [3,4- mane; Sigma) was used as a matrix in an ethanol῍water (1 : 1, v/v) solution at a concentration of 10 mg/mL.
Samples 5)
Seven a-9-glucopyranose are linked by a1῎4 glucosyl linkage linearly in maltoheptaose (a-9-glucopyranosyl-(1῎4)-a-9-glucopyranosyl-(1῎4)-a-9-glucopyranosyl-(1῎4)-a-9-glucopyranosyl-(1῎4)-a-9-glucopyranosyl-(1῎4)-a-9-glucopyranosyl-(1῎4)-a-9-glucopyranose; MW: 1153.02). 6 b-9-Glucopyranose are linked by b1῎4 glycosyl linkage in cellohexaose ( b-9-
Maltoheptaose and cellohexaose are commercially available from Seikagaku Corp., Japan. Cyclomaltohexaose (a-cyclodextrin, aCD; MW: 972.86) and cyclomaltooctaose (g-cyclodextrin, gCD; MW: 1297.15) consist of 6 and 8 a-9-glucopyranose linked by a1῎4 glycosyl linkage (see structures). 6 I -a-9-Glucopyranosylcyclomaltohexaose (glucosyl-bCD; MW: 1297.15) has a branch glucosyl residue linked to bCD by a1῎6 glycosyl linkage. a-9-Glucopyranosyl-(1῎4)-a-9-glucopyranosyl-6 I -cyclomaltopentaose (maltosyl-aCD; MW: 1297.15) has a maltosyl branch (a-9-Glc(1῎4)Glc-) linked to aCD by a1῎6 glycosyl linkage. These cyclodextrins and sugar branched cyclodextrins are commercially available from Ensuiko Sugar Refining Co., Ltd., Yokohama, Japan.
Results and Discussion
Three negative ions at m/z 971, 1032, and 1296 were observed in the linear MALDI-MS spectrum of a mixture of 3 sugar compounds, aCD, maltoheptaose, and gCD (Fig. 1) . Molecular ions at m/z 971 and 1296 were deprotonated ions [M῍H] ῌ of aCD and gCD. The deprotonated ion from maltoheptaose at m/z 1152 was not observed, but the ion at m/z 1032 was. The inter-val between ions at m/z 1032 and 1152 was 120 u, corresponding to the loss of C 4 H 8 O 4 and it would be produced by 2, 4 A or 0, 2 X fragmentation at the reducing end or nonreducing end of maltoheptaose (Fig. 2) . We use the nomenclature for carbohydrate fragmentation 2, 4 A, 0, 2 X, and Z, initially proposed by Domon and Costello. 6 )ῌH] ῌ of maltoheptaose in the linear MALDI-MS would thus be produced by the process of in-source decay (ISD) fragmentation and its type was 2, 4 A fragmentation. The ISD product ion was also observed in the linear MALDI-MS spectrum of cellohexaose and the deprotonated ion was also observed. These ISD product ions were not observed in positive-mode MALDI-MS spectra of oligosaccharides. These results suggest that deprotonated ions of linear oligosaccharides are very unstable in negative ion ionization of MALDI. Post-source decay (PSD) fragment spectra of aCD, gCD, and glucosyl-bCD were measured by negativemode MALDI-MS. Product ions at m/z 851, 689, 572, and the precursor ion at m/z 971 [MῌH] ῌ were observed in the spectrum of aCD (Fig. 3) . The interval of the product ion at m/z 851 to the precursor ion was 120 u, and the ion intervals of product ions at m/z 851, 689, and 572 were 162 u, corresponding to the loss of glucose residues. These product ions were very similar to ions in CID MS/MS spectra of maltooligosaccharides in negative-mode FAB-MS, produced by 2, 4 A fragmentation. The series of PSD product ions of a-cyclodextrin at m/z 851, 689, and 572 were produced by Z fragmentation with 2, 4 A fragmentation. Other ion series at m/ z 707 and 545 would be produced by 2, 4 A and Y fragmentation. The MALDI-PSD product ion at m/z 851 of a-cyclodextrin would correspond to the ISD ion of linear maltoheptaose because their structures are similar and both product ions were produced by the loss of 120 u from molecular ions. PSD fragment spectra of other cyclodextrin compounds showed almost the same spectral pattern.
Deprotonated molecules of cyclic oligosaccharides were observed in negative-mode MALDI-MS, but not ISD product ions. In linear maltoheptaose, the ISD product ion [(MῌC 4 H 8 O 4 )ῌH] ῌ was observed in linear mode detection. Product ions [(MῌC 4 H 8 O 4 )ῌH] ῌ of cyclic oligosaccharides were also observed in the MALDI-PSD fragment spectra. When we use linear T. Yamagaki and H. Nakanishi ῌ 206 ῌ oligosaccharides for calibration standard in negativemode measurements in MALDI-MS, we should thus take into account the mass of molecules.
